Rationale, aims and objectives: In Finland, a fully operational and nationwide electronic prescription (ePrescription) system was implemented by law in 2012 to 2015. From 2017, all prescriptions have to be electronic. ePrescriptions are intended to facilitate prescribing and to improve medication safety in Finnish health care. In this study, the aim was to explore physicians' experiences with the impacts of ePrescriptions on prescribing and medication safety in Finland.
| INTRODUCTION
Prescriptions have traditionally been the principal means by which physicians can influence their patients' treatment. Physicians have to be familiar with not just the increasingly complex range of medications resulting from the aging population but also with today's informationintensive health technology. To ensure high-quality and safe patient care, medication information has to be easily accessible and usable; it should also be accurate, valid, and coherent. To this end, electronic health information technology, such as electronic patient records (EPRs) and electronic prescribing (ePrescribing) have been adopted as standard tools for physicians to provide effective and safe patient medication treatment. [1] [2] [3] The European Union (EU) has put forward health policy initiatives aimed at encouraging the introduction of ePrescription systems to enhance prescribing and improve medication safety. 1 In the EU, ePrescribing is defined as the electronic issuing, transferring, storing, and dispensing of prescriptions. However, only a few European countries, among them Denmark, Sweden, Estonia, Norway, Iceland, and Finland, have succeeded in implementing a fully operational and nationwide ePrescribing service. 1, [4] [5] [6] [7] ePrescribing is also widely used in the United States 3 and Canada, 8 while several pilots using ePrescribing have been planned or initiated in many countries across Europe. 1 The implementation of ePrescription systems has led to notable changes, especially for prescribers and pharmacists. From the physicians' point of view, combining EPRs with ePrescribing not merely allows the electronic issuing and transferring of prescriptions but also provides better electronic access to patients' medication information. 2, 5, 9 In addition, ePrescribing has been shown to facilitate and enhance the physician's workflow and the safety and quality of patient care in primary health care. [10] [11] [12] [13] [14] [15] [16] [17] Studies show that improvements in workflow result from the paperless procedure, quicker prescription renewals, and the better availability of patient information. [11] [12] [13] It has been suggested that patient safety benefits from the better quality of prescriptions (eg, fewer prescription errors) and better management of patients' medication information. 10, [15] [16] [17] Although the benefits of ePrescribing have been widely recognized, the technology itself can create new kinds of problems for prescribing processes, such as technical disruptions or slow data processing 11, 12, 18, 19 or problems with the system or software usability. 15, [19] [20] [21] [22] [23] [24] Studies, especially qualitative ones, which exclusively focus on primary health care physicians' experiences with ePrescribing, are rather limited. 10, 16, 21 In addition, ePrescribing systems and their stage of implementation vary between countries, which complicates comparison of these systems. 1,2,25 Thus, we need more knowledge about the end users' experiences with the system-related effects on ePrescribing and patient care.
The objective of this study was to explore primary health care physicians' experiences with the impacts of ePrescription on prescribing and medication safety in Finland. There were 20 403 working-age physicians in Finland in 2015.
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Of these, 21% worked at health centers and 44% at public hospitals.
In 2014, there were some 24 million visits to public health care centers, of which over 6.8 million (29%) were visits to primary health care physicians. 30 
| Electronic prescribing and EPRs in the Finnish health care system
In Finland, the public health care sector was required by law to join the fully operational and nationwide electronic prescription system between 2012 and 2013. 31 Private health care was required to join the system at the beginning of 2015. From the beginning of 2017, all health care providers were obliged to introduce the system, and conventional prescriptions (paper, fax, and telephone) are now allowed The aims of ePrescriptions set by law were to facilitate the prescribing and dispensing processes and to improve medication safety in Finnish health care. 31, 36 These aims were expected to be achieved, for example, through the enhanced management of patients' overall medication through the Prescription Centre, and thus better detection of drug-related problems (eg, drug-drug interactions, duplicate therapy, and adverse reactions). In addition, ePrescriptions were expected to improve the quality of prescriptions, and also to reduce prescription forgeries.
| Data collection
The data were collected by conducting 42 semistructured telephone interviews among primary health care physicians in spring 2015. An interview method was chosen for this study to discover and understand more deeply physicians' own experiences with ePrescriptions. 37 Besides, in recent years, questionnaire surveys conducted among Finnish physicians have yielded only low response rates. 15, 38, 39 A convenience sample was collected from primary health care centers across 5 university hospital regions in Finland ( Figure 2 ). Senior physicians at local health centers were asked to forward the invitation letter and a study announcement to their physician colleagues. Willingness to participate in the study, as well as permission to record the interview, was obtained by e-mail. After receiving the physician's permission, 1 researcher (HK) arranged and conducted the interview. The main themes set out in the interview guide were sent to interviewees 1 week before the interviews.
The themes and questions in the interview guide (see Appendix S1) were designed on the basis of the objectives set by law, 31 the anticipated impacts of ePrescribing, 36 and in light of some previous studies. 12, 40, 41 The interview guide was developed to enable partici- 
| Data analysis
The data were analyzed by 1 researcher (HK). However, to confirm the emerging themes, a continuous discussion was held during the analysis process with the study group. Both inductive and deductive content analysis were used to describe and quantify the data systematically and objectively. 37, 42 The analysis unit could be a single word, a sentence, or a group of sentences describing an idea relating to the study question. 
| Ethical statement
The study setting and research process complied with the local and national ethical instructions for research (Finnish Advisory Board on
Research Integrity: http://www.tenk.fi/en/ethical-review-human-sciences). According to the instructions, this study did not require ethical approval. In addition, to ensure the confidentiality and total anonymity of the physicians, the health care centers in which physicians were working were anonymized. No incentives were given.
| RESULTS
The total number of interviewees was 42. Of these, 26 were women and 16 were men. Almost all (n = 40) processed ePrescriptions daily.
The characteristics of the participating physicians are shown in Table 1 .
The physicians were in general satisfied with ePrescribing ( Figure 3 ) and did not want to return to the paper-based system. They considered ePrescriptions to be a useful tool for prescribing and to have many benefits. Despite this, all physicians mentioned some problems with the ePrescribing system and highlighted areas needing development.
Five main categories with a total of 13 subcategories were found (Table 2) . Two of the main categories related to prescribing and renewing ePrescriptions, 1 category to prescribing systems, and 2 categories to medication safety. The sample comments citing the opinions of ePrescribing and medication safety appear in Appendix S2.
| Category 1: ePrescriptions are convenient
Most of the physicians (n = 38) considered that ePrescriptions were convenient to issue (Table 2 , see also citations 1 to 6 in Appendix S2).
The principal benefits of ePrescribing were related to the electronic accessibility of patients' medication information and the paperless procedure. The prescribing process was easy and convenient since everything was done electronically. Furthermore, 21 physicians mentioned that it was easier for patients to get their prescriptions at any pharmacy across the country.
| Category 2: Prescribing and controlling narcotics and CNS medicines have become easier
According to the physicians, ePrescriptions have improved the prescribing and control of narcotics and medicines classified as primarily affecting the central nervous system (CNS medicines) ( Table 2 , see also citations 7 to 8 in Appendix S2). Thirty-four physicians drew particular attention to the fact that controlling the use of narcotics and CNS medicines has become easier since they were able to check their patients' medication held in the Prescription Centre. This meant that they could check such prescriptions issued by other physicians. In addition, ePrescribing of narcotics has become technically simpler because there is no longer a need for a separate verified prescription form for narcotics and no longer a duty to keep a separate record for narcotics.
3.1.3. | Category 3: Technical problems in the ePrescribing system hinder prescribing
The inflexibility and rigidity of the ePrescribing system was criticized most by the physicians. During the interviews, the physicians repeatedly emphasized the inflexibility and rigidity of the ePrescribing system throughout the prescribing process (Table 2 , see also citations 9 to 17
in Appendix S2). They described the system as "rigid," "inflexible,"
"awkward," and "clumsy." In particular, the correcting and cancelling of ePrescriptions were regarded as problematic or even impossible by 38 physicians. They complained that the system required too many "mouse clicks" and PIN entries to justify the actions taken in prescriptions. The system also checked a number of confirmations (eg, patient's consent) during the correcting or cancelling of a prescription. The physicians mentioned that, in some cases when an ePrescription was being corrected (eg, change of pack size or strength of the medicine), the system required the entire new prescription to be entered instead of allowing the existing prescription to be modified. This was considered problematic, especially when dealing with ePrescription renewals. In addition, many physicians (n = 32) highlighted several problems concerning the renewal of ePrescriptions.
The interoperability of EPRs and the Prescription Centre was seen as poor because corrections or cancellations made in ePrescriptions
were not automatically transferred to the Prescription Centre (Table 2) . Physicians therefore had to make these changes separately in the Prescription Centre. This was considered laborious and time consuming, and physicians simply avoided it by issuing a new prescription. Moreover, the link between EPRs and the Prescription Centre was experienced as slow by 27 physicians, partly because of the long information-processing times. Occasional technical system failures were also considered troublesome by 13 physicians.
As regards system rigidity and system slowness, it was difficult for physicians to say whether ePrescriptions have made prescribing more efficient or whether they have saved them time. Twenty-three physicians thought that ePrescriptions have not made prescribing more efficient. Twenty-nine physicians also thought that no time had been saved. They complained that any efficiencies or time savings gained with ePrescriptions would be lost because of the system's rigidity or slowness.
| Category 4: Information about patients' prescriptions is more readily available through the Prescription Centre
Most of the physicians (n = 34) valued the fact that the Prescription
Centre enabled them to collect information about patients' prescriptions ( 
| Category 5: Patients' prescription information is incoherent in the Prescription Centre
Although the Prescription Centre was considered to be beneficial in certain situations, several physicians (n = 28) pointed out that prescription information held in the Prescription Centre was incoherent, incomplete, needed updating, and was thus unreliable ( Table 2, 
| DISCUSSION
The Finnish physicians interviewed were in general satisfied with the ePrescribing system. They had accepted the system and thought that it had the potential to facilitate the prescribing processes in their practice. The physicians valued the electronic access to patients' information and the paperless procedure. Our study findings are comparable to those of some earlier studies conducted among physicians. 12, 19, 43 However, the physicians in our study raised several problems and areas needing development in the Finnish ePrescribing system. The Canada. 11, 12, 17, 19, 21, 45 For example, the study by Gagnon and colleagues 45 showed that challenges with the links between local electronic medical records and the ePrescribing network caused potential loss of time in the physician's practice and increased the risk of prescribing errors.
In Finland, there are several different EPRs used in public and private health care. 24 As long as this is the case, the integration of these systems with the nationwide ePrescribing linkage will pose a challenge.
In the future, therefore, the integration and standardization of health Making changes (corrections/cancellations) to prescriptions is difficult. 38 • The pack size or the strength of medicine cannot be changed.
• Changes made in the EPR system are not automatically transferred to the Prescription Centre.
• Too many "mouse clicks," which slows down the prescribing process.
• System checks various security and confirmation issues (e.g. the system requires reasons for the actions taken in ePrescriptions). Renewing an ePrescription is difficult. 32 • Prescription renewal is slow.
• Outdated prescriptions (over 16 mo) cannot be renewed. b
• Fully or partially non-dispensed prescriptions cannot be renewed.
[Correction added on 25 May 2017, after first online publication: In Main Category 3, the 3rd point under subcategory "Renewing an ePrescription is difficult" wrongly referred to 'dispensed prescription' and this is now corrected in this version.] • Checking dispensing intervals is difficult during the renewal. The link between EPRs and the Prescription Centre is slow. 27 Technical system failures make working difficult. 4. Information about patients' prescriptions is more readily available through the Prescription Centre.
The Prescription Centre helps to collect information about patients' prescriptions.
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• Physicians are able to check which medicines the patient is using.
• Physicians are able to check prescriptions issued elsewhere.
• Possibility to detect drug-related problems (eg, monitoring duplicate prescriptions). Physicians' local EPRs support the evaluation of patient medication information held in the Prescription Centre.
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• Drug-drug interaction alerts, duplicate therapy alerts, allergy alerts.
5. Patients' prescription information is incoherent in the Prescription Centre.
Medication information not updated in the Prescription Centre. 28 • Prescription information is not congruent between EPRs and the Prescription Centre.
• Physicians do not cancel unneeded ePrescriptions in the Prescription
Centre (too time consuming). The layout of the Prescription Centre is unclear. 18 • Prescription information is disorganized (eg cancelled, expired, and stopped prescriptions are all displayed as "cancelled" prescriptions, the Prescription Centre is just "a pile" of prescriptions).
• The Prescription Centre is used by several health care units (eg, hospitals, private health care)
Abbreviations: EPR, electronic patient record; ePrescription, electronic prescription.
a Before the introduction of ePrescriptions, narcotics had to be prescribed using a separate verified prescription form and records had to be kept of narcotics prescribed.
information systems should be prioritized, especially as regards better communication and information transfer between the systems.
The usability of, and interoperability between, new technologies have considerable effects on medication safety. In Finland, one of the main anticipated impacts of the ePrescription system was to improve medication safety through better management of patients' overall medication via the Prescription Centre. 36 Our study showed that this kind of centralized and nationwide prescription database might be useful in that it affords physicians an opportunity to check their patients' prescription information. However, the physicians in our study could not take full advantage of the Prescription Centre because, among other things, patients' medication information was sometimes incoherent and had not been updated in the database. In general, when developing this kind of nationwide prescription database, which is integrated with an ePrescribing system, the database should include an updated and coherent list of patients' current medication. This would allow medication information to be used to manage patients' overall medication and thus support safe patient care.
Studies of nationwide ePrescribing systems and, more specifically, the integration between nationwide ePrescribing systems and health information systems are scarce. 45 Future research should therefore study how such health information systems are exploited together and examine what issues should be taken into account when planning or developing the link between different health information systems.
| Strengths and limitations
Our study has several strengths. The findings are based on a fully operational ePrescription system widely adopted in Finnish public primary health care. 33, 34 The convenience sample was drawn from 5 university physicians and/or their staff. 16, 21 In addition, the number of interviews was adequate, as shown by the fact that saturation was reached. 37 Increasing the sample size was therefore unlikely to have brought new information on the study questions. The interviews were recorded and transcribed verbatim for content analysis. Counting and tabulation were also used to make the results more reliable.
| CONCLUSIONS
The physicians in our study were in general satisfied with ePrescribing.
However, the ePrescribing system still has problems and areas needing development, such as the system's rigidity and slowness. In addition, the Prescription Centre cannot be fully used for the management of patients' overall medication because the list of patients' current medication could not be found in the database. Integration between ePrescribing systems and physicians' electronic health information systems should be developed so that the current list of patients' overall medication can be found and used by all health care providers involved in their patients' treatment.
